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ABSTRACT

The purpose of this study was to classify and identify ecosystems
in Bowman County, North Dakota.

Procedures utilized in conducting

this study were a review of pertinent Literature, cartographic analysis,
air photo interpretation and field study.
The study has established a regional profile in terms of physical
and cultural characteristics which has not previously been done for
Bowman County, North Dakota.
Ecosystems were classified. using parameters previously established
by the United States Department of Agriculture, Forest Service.

The

parameters included general topography, soil types, degree of slope
-■'tad'vegetative cover.
Eight terrestrial ecosystems were identified within Bowman County.
The ecosystems were:

River Bottom, Terrace, Toe Slope, Rolling Grass

land, Upland Grassland, Upland Breaks, Hardwood Draw and Ponderosa
Pine.

The Rolling Grassland Ecosystem occupies the greatest acreage

covering 59.4 percent of the study area.

The Ponderosa Pine ecosystem

was the smallest with 103 acres.
This study shows that each of the eight terrestrial ecosystems are
under environmental stress from man'i activiti.es.

Some activities such

as coal development, increasing water needs, increasing agricultural
pressures, oil development and weather modification were viewed as
potential stress factors.

x

CHAPTER I

INTRODUCTION

The purpose of this thesis was to classify and identify ecosystems
in Bowman County, North Dakota,

Ah ec'Oihystea, as used in this study,

is a complex but integrated system of biological communities and
their eliyirohment (II.S, Department of Agriculture, Forest- Service,
1973).
The ecosystem as a geographic tool has been investigated but not
widely used in geography.

This study was an attempt to broaden the

scope of the ecosystem as a geographic region.
\ regional profile was established for Bowman County.

Physical

and cultural characteristics of the study area were investigated in
order to give a better understanding of the people, economy, and the
land.

Each has to be presented, as each acts directly or indirectly

on the other to form a complete unit.
The -classification par-ureters used to identify ecosystems in this
study were climate, soils, degree of slope, vegetation, and general
topography.

Climatic variations within the county are very small.

Climate was used basically as an indicator of vegetation types which
might be encountered.
soils map.

Soils were investigated by the use of a county

This investigation aided in developing a vegetative pattern.

Degree of slope, although not measured by instrument, was estimated and
used in determining ecosystem boundaries.
frcm fieldwork 3nd aided by air photos.

1

Vegetation was identified
A basic understanding of the

2
area's general topography was helpful in determining spatial order of
the ecosystems.
fieldwork.

General topography was determined from air photos and

General areas of "natural regions" were outlined.

These

natural regions were then compared with existing classified ecosystems
in order to be consistent with previous studies in this field.

The

nomenclature used for this study was taken from the U.S. Forest Service
(U.S, Department of Agriculture, Forest Service, 1973),

Classification

of areas into ecosystems by this method was done in the laboratory and
in the field.

This classification system not only considers what a

particular area is at the present, but what its potential might be
under a completely natural situation.

Cultivated land, for exampLe,

would be placed in a grassland or similar ecosystem ot its potential
....

.
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The ecosystem concept, in this study, was primarily concerned with
vegetation types on the land and classifying them.

Classifying vegeta-

tion means identifying individual units of vegetation t nd arranging them
in an orderly and meaningful way (Kuchler, 197.3).

The geographical

distribution of vegetation types can be most fully appreciated through
maps, which thus become a basic tool.
The county is mapped in terms of ecosystem distribution.

The map

is general in nature, but gives an overview of the spatial order of
ecosystems within the study area.

An intensive field analysis would be

necessary to produce a detailed map.
are not absolute.

The boundaries of these ecosystems

They represent ecotones, or tension zones, where one

ecosystem grades into another (Department of Agriculture, Forest Service,
1973).

3

The identification and mapping of these natural regions was aided
by the use of aerial photographs.

The photos were compiled by the

Agricultural Stabilization and Conservation Service.
of a scale of 1:20,000 and were flown in 1957.

The photos were

Earth Resources

Technology Satellite (ERTS) imagery of the study area was also obtained
but was of little use due to its small scale and lack of resolution.
Ecosystems are not static.

They change geographically over time.

Some activities which have an influence on these changes were investi
gated.

These included:

coal development, oil and gas development,

increased agricultural pressure, increased water needs, and weather
modi-fication. ■ ■
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CHAPTER II

THE ECOSYSTEM AS A GEOGRAPHIC TOOL

The ter u ecosystem was formally proposed by A.G. Tansley, a plant
ecologist, in 1935.

He formulated it as a general tern to include not

only the organism-complex, but also the whole complex of physical
factors in the widest sense (Tansley, 1935),

He later elaborated his

definition to include all the parts of an ecosystem, organic and
inorganic, biorae and habitat.

These may be regarded as interacting

factors which, in a mature ecosystem, are in approximate equilibrium.
Through their interactions the whole system is maintained (Tansley,

1946).

i
E.P. Odum defined ecology as the study of the structure and function
of ecosystems.

Structure refers to composition of the biological

community, the quantity and distribution of abiotic materials, and the
^
I", '
,
■'4-'
range or gradient of conditions such as temperature and precipitation.
Function refers to rate of biologic energy flow through the ecosystem,
rate of material or nutrient cycling and biological regulation including
both regulation of environment by organism, e.g,, nitrogen fixation, and
regulation of the organism by environment, e.g., phocoperiodism (Odum,
1971) .
The ecologist is primarily concerned with the quantities of matter
and energy that pass through a given ecosystem and with the rates at
which they do so (Evans, 1956),
in size and structure.

T'hese individual ecosystems vary greatly

The entire earth is an ecosystem.
4

An island,

5

a forest, and even a puddle of water which may be only temporarily
inhabited, are natural phenomena which deserve to be called ecosystems
(Ellenberg, 1971).
An essential goal of geographic understanding is to attenipt to
analyze and characterize spatial phenomena in a regional or areal
context (Schraieder, 1970).

The term phenomena can mean a simple

component or property of a landscape or it can refer to a complex of
components and properties (Ahnert, 1962),
The ecosystem concept has four main properties which recommend it
in geographic investigations.

First, it is monistic:

it brings

together environment and man within a single framework.
allows the interaction between components to be analyzed.

This framework
Secondly,

ecosystems are structured -in a more or less orderly, rational, and
comprehensible way.

The essential fact here, for geography, is that

once structures are recognized they may be investigated and studied.
Thirdly, ecosystems function.
matter and energy.

They involve continuous through-put of

To take a geographic example, the system involves

not only the framework of the communications net, but also the goods
..

and people flowing through it.
general system.

■■

.

r

'i

Fourthly, ecosystems are a type of

In general system terms, the ecosystem is an open

system tending toward a steady state and obeying the laws of open
system thermodynamics (Stoddart, 1965).
It may be objected that the study of ecosystems in geography is
"not geography".

Presumably, this objection is due to the failure of

the ecosystem definition to explicitly define the earth's surface as
a field of operation (Stoddart, 1965).

6
Ecology is the study of environmenta 1 relationships;
is the study of spatial relationships.

geography

What is not clear is where one

stops and the other one begins (Davies, 1972).
The earth may be viewed as a series of distinct ecosystems.

These

provide a convenient and useful tool for the study of the biosphere
from the point of view of the geographer, since each is clearly concerned
with spatial relationships and delimitations of areal units (Morgan and
Moss, 1965),

The approach to the ecosystem taken in this study was one

of spatial delineation and inventory.

CHAPTER III

PHYSICAL AND CULTURAL CHARACTERISTICS OF THE STUDY AREA

Location and Delineation of Study Area

Bowman County occupies the southwestern corner of North Dakota,
»
£. $
Figure 1 indicates its position within^fche state. Politically the
county shares borders with two other North Dakota counties and two
"'A j ,
The counties are Slope to the north and Adams to the east;
.‘j,
$£
^ ^ £?'/'’
*|a
’
|" _
,
the states are Montana to the west and South Dakota to the south.

states.

The county;has an area.,o£ 1,1,70 squ.fr®’
'miles (U.S. Department of
'
■
/
'
t
f
,
'
r
%
'* '
,
■ ■.
>. •
,
Commerce, Bureau of the Census, 1973a). It is rectangular in shape
with a length of 50.5 miles and a width of 23.15 miles.

Physical Characteristics of the Region

Physiography
Bowman County lies within the Williston Basin which covers the
western two-thirds of North Dakota.

The basin was formed over five

hundred million years ago as a shallow depression in Precambrian
igneous and metamorphic rocks.

The basin,

in western North Dakota,

has a thickness of over 15,000 feet (Hainer, 1956).
Bowman County is located on the Missouri Plateau.

The Missouri

Plateau, a subdivision of the Great Plains, is North Dakota's highest
area with a general elevation of approx-mately 3,000 feet (Wills, 1963)

7
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Prominent features of the Missouri Plateau are the large numbers
of buttes, which rise from 400 to 700 feet above the general terrain
(Hainer, 1956),

These buttes are erosional remnants of a once higher

pla teau.
The most unique topography in North Dakota, scattered throughout
the plateau and found in western Bowman County, is the badlands.
These erosional features are best developed along the Little Missouri
River.

Many tributaries flow to the Little Missouri River and cut

their way deeply into the beds of clay and sandstone thereby dissecting
the area into a network of canyons, gorges, ravines and gullies
(Wills, 1963).

Wind erosion and fire have also aided in the development

of the badlands (Hainer, 1956).
The region containing Bowman County is also referred to as
"the slope" (Wills, 1963),

This is due to the fact that the region's

drainage is directed northeasterly to the Missouri Fiver.
Bowman County lies within the unglaciated region of North
Dakota.

Its soil is residual soil developed in place.

Its drainage

is mature and complete for the stream systems have cut through
divides eliminating most interior drainage (Wills, 1963).

Climate
A semi-arid continental climate with cold winters and warm summers
dominates the county (Critchfield, 1974).
is 43 degrees F.

The average annual temperature

The January mean temperature is 14 degrees F, and the

July mean temperature is 71 degrees F (Jensen, 1972).
The mean frost-free period for the county is 124 clays.
period runs from May 19 through September 2.0.

This

The total length of the

10
growing seat on, days with temperatures greater than 28 degrees F, is
1^7 days.

T1 is period runs from May 5 through September 29 (North

Dakota Crop aid Livestock Reporting Service, 1973).
The area

eceives 15 inches of precipitation annually.

Eighty

percent of this precipitation falls during the growing season, May
through Septembt’-.
July, and August

Fifty percent falls during the months of June,
June receives the greatest monthly precipitation

with 3.51 inches -md December the least with 0.27 inches (Jensen, 1972).
Figure 2 indicate

the county's monthly variation of precipitation and

temperature.

■3S^£Sl2SZ
Bowman County is drained by two tributary systems of the Missouri
Diver
These are he Little Missouri River in the west and the North
;/v.*>.
.c_v
Fork of the Grand ] iver in the south and east. Cedar Creek, a tributary
ox the Cannonball liver, aids in the drainage of the northeastern
region of the court y (U.S. Geological Survey a id U.S. Bureau of
Reclamation,

1973)

Figure 3 shows the extent of the drainage systems.

The Little Mi ssouri River and its ma jor tributaries, Little Beaver
Creek and Beaver Creek, flow through easily eroded shales and sandstone.
This results in t-ansport of large loads of sediment.

The riv. r has

aided in the formition of the erosional features known as badlands that
are found throng! out the western section of the county (Wills, 1963).
The principal u s j s of water from the Little Missouri are stock watering
and irrigatita

f small tracts of hay land

U.S. Bureau of Reclamation, 1973).

'U.S. Geological. Survey and

11

Figure 2.

Source:

Climograph showing mean monthly temperature
(line graph) and precipitation (bar graph)
for Bowman County, North Dakota.
U.S. Department of Commerce, Weather Bureau.
Climatic Survey of the United States:
1951
Through 1960, North Dakota
Washington, D.C.:
Government Printing Office, 1965.
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Figure 3,
Source:

Surface Hydrology of Bowman County, North Dakota.
U.S. Geological Survey.
Base Map:
Government Printing Office, 1963.

State of North Dakota.

Washington, D.C.:
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The North Fork of the Grarvi River, which enter; the main branch of
the Grand River in South Dakota
for the area.

is the ma or source of water supply

The dominant water feature of the county is Bowman-Haley

Dam and Reservior.
Construction of the Bowman-Haley Reservior was authorized under
the Flood Control Act of 1962.

Construction was to provide flood

control, future water supply, fish and wildlife reserves, and general
recreation (U.S. Geological Survey and Bureau of Reclamation, 1973).
It is an earth filled embankment with a maximum height of 79 feet.

The

reservior provides permanent storage of about 26,000 acre-feet of water,
plus 102,000 acre-feet of flood storage.

Current plans are for the

construction of municipal water conveyance facilities, which in the
future would serve the towns of Bowman, Scranton, and Gascoyne in
Bowman County and Reeder in Adams County (U,.S. Geological Survey and
U.S. Bureau of Reclamation, 1973).
Ground water aquifers are chiefly of two types in Bowman County,
bedrock formation and stream valley (U.S. Geological Survey and U.S.
Bureau of Reclamation,

1973).

The bedrock formations are composed of

clay, shale, soft sandstone, and lignite.

Ground water occurs mainly

in the beds of sandstone and 1-gnite and is obtainable through ground
wells in most places.
Stream valley aquifers contain variable thicknesses of unconsolidated
clay and gravel.

The beds of sand and gravel are generally water-bearing

and yield sufficient quantity for average farm and domestic needs
(Paulson, 1962).

Figure 4 indicates annual runoff of the county in

acre-feet per square mile.

NMUM
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Figure 4.
Source:

Annual Runoff in Acre-Feet per Square Mile for Bowman County, North Dakota.
Stewart, E.E., and Stewart, R.E. "A Multiple Land Use Study for Nine County
Area of Southwestern North Dakota," Fargo: Little Missouri Grassland Study,
North Dakota State University, 1973, p.343.
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Solis
The soil classification used here is organized as follows:
soil group, soil series, and soil association.

great

The great soil group

is a broadly defined group of soils which have the same number, kind,
and sequence of horizons.

A soil series is a group of soils that, have

soil horizons similar in their differentiation characteristics and
arrangement in the soil profile, except for the texture of the surface
soil, and are formed from a particular type of parent material.

Soil

associations refer to two or more soils which occur together geographic
ally (U.S. Department of Agriculture, Soils:

The Yearbook of Agriculture,

1957).
Bowman County is represented by three great soil groups;

Gheatnuts,

Solonetz, and Lithosols (Omodt, Johnsgard, Patterson, and Olson, 1968) .
Chestnut soils are dark brown soils of semi-arid grasslands.

They

are nearly level to gently rolling soils with a thick brown surface
layer.

Found within this group in Bowman. County are the Morton and

Vebar series and the Morton-Rhoades association (Omodt et al., 1968).
The Morton series consists of well drained Chestnut soils developed
from materials weathered from medium-textured bedrock.

The soil occurs

on convex crests of broad hills, ridges, and side slopes.
2 to 8 percent are dominant.

Slopes of

Cropland is the dominant land use for this

series of soils (Omodt _et a_l., 1968).

The Vebar series consists of

well drained Chestnuts developed from moderately textured materials
weathered from fine-grained, soft sandstone.
level positions to crests of hills and ridges.
2 to 8 percent.

They occur from nearly
Dominant slopes are

These soils are utilized for cropland, but steeper

16
areas are used for pasture (Omodt et a l ., 1968).

The topography of the

Morton-Rhoades association consists of smooth, rounded hills and ridges.
In situations where Morton dominates, the soil is utilized for cropland;
where Rhoades soils dominate, pasture land is prevalent (Omodt et a 1.,
1968) .
The great soil group Solonetz has developed under the influence of
restricted drainage and excessive sodium.

The soil group occurs on

nearly level to undulating positions on slopes ranging from 0 to 5
percent.

Solonetz has developed from materials varying in texture from

sandy loam to clay.
bedrock.

Parent materials include alluvium and weathered

The only representative of this 4pii group in the county is

the Rhoades-Morton association.
graphy.

It occurs on level to r »lling topo

Long slopes extend from the rounded crest of hills and ridges

to the valleys of intermittent streams which drain the area.
dominant slopes are from 2 to 8 percent.

The

Land use of this association

varies with the percentage of Rhoades soils present.

Areas with a high

percentage of Rhoades soils are usually pasture (Omodt et a l ., 1968),
Lithosols are the dominant great soil group of the western portion
of the county.

Lithosols are soils of steep slopes which have developed

from materials weathered from sandstone and shale at shallow depth.

In

North Dakota, Lithosols that are developed from shale are found only in
western Bowman County (Omodt et al., 1968).
20 percent but can range up to 50 percent.

Slopes are generally 5 to
Productivity is limited by

rapid runoff, shallow root zone, and low water-holding capacity.
areas occupied by Lithosols are used for native pasture.
tions found in the group are:

The

Soil associa

Lismas, Badland-Bainvilie, Bainville-Morton,

17

and Flasher-Bainville-Rhoades.
one area in the state.
Bowman County.

The Lismas association occurs in only

It covers about 50 square miles in western

The area is rolling to gently sloping.

The numerous

long ridges have rounded crests from which long, smooth slopes extend
to intermittent stream channels.

Slopes range from 5 to 15 percent.

The fine-textured Lismas soils have developed in materials weathered
from shale.
196S).

The association is primarily used for pasture (Omodt et a l .,

The Badland-Bainville association parallels the Little Missouri

River on both sides of its course through the county.

The Badland soil

segment consists of steep slopes that have little or no vegetation.
■ >' 5■: ,*
.'
'V
‘
,
‘^ "
•
Ba inville soils occur on the mbhvex crests m o d steep upper slopes of
the divides between the tributary streams.
pasture (Omodt et a l ., 1968).

The principal land use is

Bainville-Morton soils are found exten

sively on hilly and steep areas with deeply entrenched streams and
coulees.

Dominant slopes are from 10 t.o 30 percent.

is used for pasture and cropland (Omodt et a 1 ., 1968).

This association
The Flasher-

Bainville-Rhoades association is found in topography that is dominantly
hilly and rolling, interspersed with local nearly level to undulating
areas.

Flasher soils are on the tops and steep side slopes on sandstone

capped hills.

The medium-textured Bainville soils are on the convex

crests of hills.

The Rhoades soils are dominant on the lower slopes.

The land use most commonly practiced is pasture (Omodt et a_l., 1968).
Figure 5 indicates the distribution of soil series and associations
within Bowman County.
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62 Ba d 1a nd- Ba in v i 11 e
Soils
64
68
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of Hilly and Steepland
Bainvilie-Morton
Flasher-Bainvi1le-Rhoades
L isma s

Figu.e 5.
Source:

o

Dark Browm Soils of Semi-Arid Grass lands
26 Morton
28 Morton-Rhoades
36 Vebar
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Alkal i Soils
59 Rhoades-Morton

Soil Series and Associations within Bowman County, North Dakota.
Omodt, et al,
The Major Soils of North Dakota.
Station Bulletin 472, 1968.

Fargo:

Agricultural Experiment

Mi l.es
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Vegeta tlon
The vegetation of Bowman County is as highly variable as the
topography and soils.

Classification of vegetation in this area is

difficult because of its heterogeneity due to variations in topography,
soil conditions, erosion, and the influence of biotic factors (Nelson,
1961).

The vegetation of the county is considered to be mixed grass

prairie (Weaver anH c.1pmpntQ - 1^38).

Several distinct grassland

communities are found throughout southwestern North Dakota which
include:

(1) the grama-needlegrass-sedge type, (2) the western

wheatgrass-grama-sedge type, (3) the little bluestem type., (4) the
sandgrass type, (5) the sagebrush type, (6) the saltgrass-western
J..J
V '■ | ' K
,
wheatgrass type, (7) the saltgrass-alkali meadowgrass type, (8) the
buffalograss type, and (9) the big bluestem type (Hanson and Whitman,
'-L
-t
:>.' .i- V- ■
i
1938).
On areas where moisture conditions are generally more favorable
than the county average, woody communities are developed.

River and

stream floodplains, lower terraces, moderate to steep north-facing
slopes, and upland draws nearly all support a woodland or brush cover.
The common woody varieties found in Bowman County are the cottonwood,
green ash, and mountain juniper.

The brush varieties include choke-

cherry, wolfberry, currents, and buffaloberry (Nelson, 1961).
are also found in isolated areas as well as ponderosa pines.

Cedars
A

ponderosa pine community covering 103 acres is located 16 miles south
of Marmarth (Potter, 1964).
Three natural areas in Bowman County have been recorded (Kantrud,
1973).

The term "natural area" refers to tracts containing representative

biotic coalmanities that are relatively undisturbed.

These areas are:

(1) the McCown Longspur Prairie southwest of Rhame, containing native
prairie grass (See Figure 6);

(2) the Cedar Hills west of Rhame, an

area of rugged topography which includes a cedar community (See Figure
7);

(3) the Bowman Scabland located southwest of Marmarth, a fossil-

rich eroding sedimentary bedrock nearly devoid of natural vegetation
(See Figure 8).

Figure 6.

McCown Longspur Prairie (T131 N, R105 W, Sec. 7)
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Figure 7.

Cedar Hills (T131 N, RIO5 W, S e c . 32)

Figure 8,

Bowman Scab'lands (T130 N, R107 W, Sec. 12)
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Cultural Characteristics of the Region

.Population
In 1970 Bowman County had a population of 3,901, a 6.1 percent
decrease from 1960 (U„S. Department of Commerce, Bureau of the Census,
1973b).
mile.

The county has a population density of 3.3 persons per square
County population data for the period 1910 to 1970 are shown

in Figure. S.

The entire county is defined as rural, as no community

exceeds a population of 2,500 (U.S. Department of Commerce, Bureau of
the Census, 1973b).
A 1973 study conducted at the University of North Dakota indicates
that, by data projections to I9Si», Bowman County is among nine counties
in the state that should increase in population {Lewis, 1973).

The

strength o£ the projections will depend primarily upon the development
of natural resources within the county.

Economy
Agriculture is the primary industry in Bowman County.

Agricultural

practices are highly mechanized, since the average farm size is 1,789
acres and increasing with time.

La rid values, as of 1969, were $60 per

acre but have since steadily increased.

The average value of farmland

and farm buildings in Bowman County is $107,000 (U.S. Department of
Commerce, Bureau of the Census, 1973a).
The eastern half of the county is heavily cropped.
production is the leading agricultural activity.

Small g r a m

Wheat, spring and

winter, is the leading crop in both value and acreage (North Dakota
Crop and Livestock Reporting Service, 1973).

Livestock is raised

Year
Figure 9.
Source:

Population of Bowman County from 1910 to 1970.
U.S. Department of Commerce, Bureau of the Census. United States Census of
Population. Washington, D.C,: Government Printing Office, 1910-1970.
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throughout the county but is more heavily concentrated in the western
half where the terrain is less suited to small grain agriculture.
The climate of the region is such that the farming techniques are
somewhat different than that of eastern North Dakota.
summerfa 1lowing is a common practice.

Dry farming or

Due to the lack of sufficient

soil moisture, fields are cropped only every other year.

The land lies

fallow and is worked to kill weeds the next year in an attempt to store
soil moisture (Alexander, 1963).
Retailing is an important facet of the economy of che city of
Bowman, the county's major retail outlet.

Smaller towns within the

county also provide people with limited rfetail services.
The mineral industry is increasing in importance throughout Bowman
County.

Oil production, at the present time, is the primary extractive

industry.

The county has an estimated 58 million barrels of recoverable

crude oil and has produced over 9 million barrels up to January, 1973,
It therefore has 73 percent of its reserves intact.
producing acres within Bowman County (Folsom, 1972).
increasing importance within the county.

There are 1:2,889
Lignite is gaining

There are estimated over 7

billion tons of lignite throughout the county, of which 785 million tons
are strippable (Brant, 1953).

This tonnage is located on some 163,000

acres (Pollard, Smith, and Knox, 1971).

The county is heavily leased

by the major coal producers (Stewart and Stewart, 1973).
time there is one producing mine in the county,

At the present

the Knife River Coal

Mining Company, a strip-type operation, at Gascoyne (Iszler, 1970),
Production from July 1, 1973 to June 30, 1974, was 215,962 tons (Iszler,
1974).

The conversion of natural gas, which was formerly "burned off"
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to propane, is now being carried on south of Rhame at a gas conversion
plant (Crow, 1975).
A recent study at the University of North Dakota indicates that
in terms of "economic health", prosperity or quality of life, Bowman
County is ranked relatively high.

Bowman County ranks 11 out of the

53 counties in North Dakota based on a cumulative score from ten
indicators of economic health (Johnson and Duffy, 1974).

CHAPTER IV

CLASSIFICATION AND DESCRIPTION OF ECOSYSTEMS

An ecosystem, as used in this thesis, is defined as a complex of
living and non-living components, each interacting with the other to
function as an integrated system or unit (U.S. Department of Agriculture
Forest Service, 1973).
The delineation of ecosystems within Bowman County into distinct
natural regions is based on the interpretation of soil maps, air photo

rm

interpretation, field work, and previous ecosystem research.
Bowman County contains eight terrestrial ecosystems.

They are:

it*

River Bottom, Terrace, Toe Slope, Rolling Grassland, Upland Grassland,
Upland Breaks, Hardwood Draw, and PondetoBa Pine.

A description of each

ecosystem is given.

River Bottom Ecosystem
The River Bottom Ecosystem occupies 2.9 percent of Bowman County.
This ecosystem includes the'Surface area occupied by rivers and major
streams and their annual flood plains.

If serves as a local base level

for flowing water (Stewart and Stewart, 1973).
Slopes are generally between zero and three percent (Stewart and
Stewaft, 1973).

Deposits of sand, silt, scoria, lignite blocks, sand

stone, and mixed gravels compose the material present.
Soils in the River Bottom Ecosystem are variable.

The variability

is related to the various sizes and kinds of sediments deposited by
the dominant streams.
26
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Vegetation is characterized by trees and other woody and herbaceous
plants.

Along the stream channels cottonwoods {Populus deltoldes)

dominate.

Dwarf sagebrush (Artemisia cana), buckbrush (Symphoricarpos

occidentalis), and buffaloberry (Shepherdia argentea) are common
throughout the bottom land and extend upward on gradual slopes.
variety of grasses abound in the River Bottom Ecosystem.

A

They include:

western wheatgrass (Agropyron smithii), quackgrass (Agropyron repens) ,
Canada wild-rye (Elyitius canadensis) t and green needlegrass (Stipa
viridula) .
County.

:
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Figure 10 shows a typical River Bottom Ecosystem in Bowman

The area is a section of the Little Missouri River’s annual
.

■
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flood plain.

Figure 10.

River Bottom Ecosystem (T130 N, R106 W, Sec, 29)

«
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Terrace Ecosystem
The Terrace Ecosystem occupies 18.3 percent of Bowman County.

This

ecosystem includes former river bottoms or flood plains now situated
adjacent to but at a higher elevation than the present flood levels of
streams in the River Bottom Ecosystem (Stewart and Stewart, 1973).
These areas are relatively flat with slopes ranging from zero to six
percent.

The ecosystem is composed of materials similar to those of

the River Bottom Ecosystem.
The soils in the Terrace Ecosystem are loam, sandy loam, and silt
'•

loam in texture.

„,•»

; xv :

They were deposited by streams (Stewart and Stewart,

1973).
% ■
River Bottom species of vegeta
vegetation often occur in th i Terrace
,*.iit<*■**&
'•
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Ecosystem. These individuals or groups of plants began in the river
m
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bottom environment and survived after natural channel change occurred
in the stream (Stewart and Stewart, 1973). Western wheatgrass and blue
....
i
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grama (Bouteloua gracilis) dominate this ecosystem. Needle-and-thread
grass (Stipa comata) and dwarf sagebrush are also found throughout the
system.

.
•*
.i \ •:..•
Figure 11 shows an example of the Terrace Ecosystem.

Toe Slope Ecosys tem
The Toe Slope Ecosystem occupies 2.6 percent of Bowman County.

The

ecosystem consists of areas on very gentle, concave lower slopes or in
broad swales below areas of greater slope (Stewart and Stewart, 1973).
The slopes range from three to fifteen percent.
slumps, earthflows, and alluvial fans.

This area includes

These materials have accumulated

by erosional factors and gravity.
Soils have developed from alluvial materials.

They range in texture
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from loam to silty clay loam (Stewart and Stewart, 1973).
Vegetation communities that are supported in this ecosystem are
primarily green needlegrass and big bluestem (Andropogon gerardi).
Western wheatgrass and buffalograss (Buchloe dactyioides) are also found
within this system.

Figure 11.

Figure 12 is an example of a Toe Slope Ecosystem.

Terrace Ecosystem (T132 N, R101 W, Sec. 17)
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felling Grassland Ecosystem
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The Rolling Gra^slandfEposystem covers 59.4 percent of the study
&■■■:' %,:=:
- ' %
' ,v
It: consists of gently sloping and sloping uplands. The system
'fi
"t J*
V
} '
•
jf
also included biroad, gently Sloping drainage divides, ridges, and larger
area.

Hills.

The slopes range from three to fifteen percent (Stewart and

Stewart, 1973).

\'f l f :

• ; 1 * -

Soils within,,this ecosystem consist of clay and sandy types.

The

areas that have soils in which clay dominates support western wheatgrass,
green needlegrass, big bluestem, and blue grama.

Sandy soils support

needle-and-thread grass and sandgrass (Calamovilfa longifolia) .

The

undergrowth throughout this ecosystem is thread-leaved sedge, commonly
called "ntggerwool" (Carex filifolia) (Hansen and Whitman,
Figure 13 depicts a Rolling Grassland Ecosystem.

1938).
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The Upland Grassland Ecosystem covers 11.5 percent of Bowman
>;
•' ' »
.
••
•

County.

It consists of hilly and steep interspersed small, rounded
■

hills with steeper-sided "knobs" of sandstone and claystone bedrock.
The slopes range from fifteen to forty percent (Stewart and Stewart,
•

1973).
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This area has numerous buttes with exposed ledge-like sandstone

features.
Soils of this ecosystem have developed from water-deposited silts,
loams, clays, and sandstone.

The surface area has a high susceptibility

to erosion by wind and water (Stewart and Stewart, 1973).
Plant communities associated with the Upland Grassland Ecosystem
are primarily little bluestem (Andropogon scoparius) and needle-andthread grass.

In areas of lower slope western wheatgrass, blue grama,

WmatttmfZ'w .
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and green needlegrass can be found.

Figure 14 illustrates the Upland

Grassland Ecosystem.

Figure 14.

Upland Grassland Ecosystem (T131 N, R105 W, Sec. 3)

Upland Breaks EcosystemThe Upland Breaks Ecosystem or ’’Badlands" occupies 4.6 percent of
the study area.

This area is comprised of very steep and steeply

sloping broken lands that are adjacent to major rivers and streams and
beyond river breaks.

Slopes in this ecosystem range from forty to

seventy percent (Stewart and Stewart, 1^73).

Steep vertical faces of

bedrock, usually barren of vegetation, are scattered throughout the
ecosystem.
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Soil productivity in the Upland Breaks Ecosystem is low except
where small isolated areas of deep soil occur (U.S. Department of
Agriculture, Forest Service, 1973).

Wind and water actively erode this

system, forming the badland topography.

Slumping is common and produces

large amounts of sediments that contribute to stream pollution.
Vegetation is varied throughout the area depending on slope and
soil formation,

In some areas the soil is barren of plant life.

On

areas of steep slope, Rocky Mountain red cedar (Juniperus scopalorum)
is the most common variety.

Slopes that are less stee

of little bluestem and sandgrass.

maintain cover

Where the slopes

communities of blue grama, western wheatgrass, and dwarf sagebrush
dominate.

Figure 15 shows a typical Upland Breaks EcosyFtem in Bowman
'-mi,'-V;

•

••

County

Figure 15.

Upland Breaks Ecosystem (T132 N, R106 W, Sec. 28)
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i. ardwood Draw Ecosystem
The Hardwood Draw Ecosystem constitutes 0.82 percent of the study
ar a.

This ecosystem is found in narrow drainages and minor draws that

are occupied by intennitcent streams.
fouri throughout other ecosystems.

The Hardwood Draw Ecosystem is

In the Rolling Grassland Ecosystem

the t raw. have rounded sloping sides and may not have any distinct
e ha fin- 1 •

In the Upland Breaks Ecosystem it occupies steep side channels

and gullies (Stewart and Stewart, 1973).
Tie soils in this ecosystem are variable and are usually of the
type ft m d in the adjacent ecosystems.

Soil texture ranges from loam

(Stewart and Stewart, 1973).
Vc-jetation rn the Hardwood Draw Ecosystem is predomii antly shrubs
■ -

and trees.

The most common tree in the ecosystem is green ash (Fraxinus

pennsylv m i c a ) .
"... •

;

ft . k;f
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This community is usually associated with a variety of

*” .

■
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.

■ ,
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,
shrubs i tclading buffaloberry, plum (Frunus americana), buckbrush,
chokeche ry (Primus virginiana), golden currents (Ribes odoiaturn) , and
dwarf sa;!ebrush.

Figure 16 illustrates a Hardwood Draw Ecosystem.

Ponderos t Pir.a Ecosystem
The Ponderosa Pine Ecosystem is somewhat of an anomaly in Bowman
County.
Green,

It is limited to one isolated area of 103 acres (Potter and
964).

It constitutes only an insignificant percentage of the

study a rea.
T! is ecosystem consists of sloping to steep uplands which have a
cover of Ponderosa Pine (Pinus ponderosa) (U.S. Department of Agriculture,
Fores . Service, 1973).

The soils of this ecosystem ere developed from

porct 1 la Elite (scoria) and in seme cases from sandstone and gravel
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(U.S. Department of Agriculture, Forest Service, 1S73).

Found in

association with the ponderosa pine is a mixed upland grassland type
vegetation.

Buffaloberry is also present.

Figure 17 depicts the

Ponderosa Pine Ecosystem.

Fighre 16,

Hardwood Draw Ecosystem (T132 N, R105 W, Sec. 12)
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Ecosystem Characteristics
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Bowman County has a total of eight terrestrial ecosystems. The
%
.
T
■
■■ .! . I "
r
■
boundaries of these ecosystems are not absolute. Ecosystems grade into
each other forming ecotones in which characteristics of two or more
ecosystems exist.

A generalized map (See Figure T8 ) depicts the spatial

order of the county's ecosystems.
field investigation, and soil maps.

The map was compiled from air photos,
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A set of ecosystem characteristics has been established for the
Little Missouri National Grasslands, in southwestern North Dakota, by
the U.S. Department of Agriculture, Forest Service.

Although these

characteristics were established to classify ecosystems in counties
to the north of Bowman County, it seems reasonable that they could be
utilized here.

The soil, vegetation, and climatic situations are

similar enough throughout the southwestern region of the state to
justify this extended application.

Table 1 is an edited version of the

characteristics that pertain most directly to this study.
ecosystem is represented by a number in Table 1.
■' AJA'' ■

HivetSottofn
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TerraceA'
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(4) Rolling Grassla
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A j
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(7) Hardwood Draw
(f|) Ponderosa Pine
ar it

Each

They are as follows:
A

''VA

A :A.

TABLE 1
ECOSYSTEM CHARACTERISTICS
Characteristic
Soil Parent
Ma terial
Flood Hazard
Slope (Percentage)
Water Erosion
Hazard
Wind Erosion
Hazard
Dominant
Vegetation
Forage
Productivity
Depth to
Water Table
Permeability

i n
Alluvium

i n
Alluvium
Shale

Aalluvium Sandstone Sandstone Sandstone
Shale
Shale
Sha le
Shale

High

Low

Low

0-3

0-3

3-15

Very
High

Moderate

High .

Low

Low

Low

Tree
Shrub
Grass

Shrub
Grass

Grass

High

High

Shallow
Rapid

Very
■SLow
3-15

Low
15-40

Modera te
Medium

|

Very
Low
40-70

- High

Very
High

High

Low

(S)

i n

Alluvium Sandstone
Shale
Scoria
Medium
3-15
Very
High

Low *
15-40

Moderate

Medium

Low

Shrub

Shrub
Tree

Tree
Shrub
Grass

Low

Very
Low

High

High

Medium

Deep

Deep

Medium

Medium

Slow

Moderate

Moderate

Slow

Slow

Slow

High

High

High

Low

High

High

Grass

Shrub
Grass

High

High

Medium

Medium

Modera te

Surface Water
Runoff

High

Medium

High

Medium

Medium

Water Storage
Capacity

Medium

High

High

Medium

Low

Source:

i n

U,S. Department of Agriculture , Forest Service.
Planning Unit. Billings, Montana:, 1973.

Environmental Statement, Badlands
* (See Appendix A)

u>
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Table 2 indicates acreage and percentage of total area occupied
by each ecosystem in the study area.
the dot grid method.

Acreages were estimated using

This method involves the use of transparent over

lays with dots systematically arranged on a grid pattern.
assigned to each dot is dependent on the map scale.
of acres per inch is computed.

The value

First, the number

This figure is then divided by the

number of dots per square inch on the grid to obtain the acreage
represented by each dot (Avery, 1962).

TABLE 2
ESTIMATED ACREAGES AND PERCENT OF AREA 0CC JPIED
BY TERRESTRIAL ECOSYSTEMS K 5 BOWMAN COUNTY

Ecosystem
RiArer Bottom
Terrace
Toe Slope
Rolling Grassland
Upland Grassland
Upland Breaks
Hardwood Draw
Ponderosa Pine

Aeries
Covered
21,000
134,500
19,500
437,000
85,000
33,500
6,000
100

Percent of
Study Area
2.9
18.3
2.6
59.4
11.5
4.6
0.82
0.01

CHAPTER V

FACTORS INFLUENCING POTENTIAL CHANGES OF ECOSYSTEMS

Processes are at work changing the face of the earth.

"A process

is a sequence of change systematically related as in a chain of cause
and effect" (James, 1954, p, 5).

The changes in or destruction of

ecosystems is an effect.
Ecosystems owe their existence to the life characteristics of the
plants and animals that form the biotic aspect.

Without this life,

there would be no biotic communities and no ecosystems.

Anything,

therefore, which effects any phase of plant or animal life of an area
modifies the ecosystem (Humphrey, 1962).
Man is putting increasing pressures on the environment through his
activities.

His activities can produce changes in ecosystems.

Within

Bowman County these activities include coal development, increased water
V /;
‘i \ /hi
f
needs, Oil development, increased agricultural pressures, and weather
modification,

*

?

\ >*

, ,,
1 i/

,v

. .......

hr

Goal Development
Bowman County has a total of 7,021 million tons of lignite resource
of which 785 million tons are strippable (Brant, 1953).

The county has

one producing mine owned and operated by the Knife River Coal Company
at Gascoyne (Iszler, 1973).
in 1973 (Iszler, 1973).

The mine produced 182,161 tons of lignite

In terms of surface acres, the strippable

lignite reserves cover 81,440 acres in Bowman County (Stewart and
Stewart, 1973).
41.
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Surface mining has produced the most noticeable impacts on the land.
Vegetation has been destroyed, soils turned upside down, and large areas
left barren with unsightly. spoil banks.
have been greatly altered.

Natural topography and beauty

Surface mining has been shown to pollute

surface and ground water resources in western Kentucky (Doerr and
Guernsey, 1956).

Only a small percentage of strip-mined lands in North

Dakota have been restored (Northern Great :PtainS Resource Program,
Regional Profile, 1974).
The most dramatic impact to the ecosystem is the actual mining.
Large amounts of surface area could be destroyed.

If the county is

mined to its full potential, there could be a primary loss of over
81,000 acftes of Rolling Grassland. Upland Grassland, Terrace, Toe Slope,
Upland Breaks and Hardwood Draw’ Ecosystems.
7.
fy.'frl“ I
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V;Reclamation, through various methods, may lessen the loss and change
of ecosystems but it is unlikely that they would ever be the same.

"If

nature ay#v a period of thousands of years has not been able to grow
Vegetative cover oh the materials obtained in certain, geologic formations
(Badlands), we should expect considerable difficulty in establishing
vegetation on them" (Dietrich, 1973, p. 50).

Increased Water Needs
Various studies, e .g, the Little Missouri Grasslands Study, the
Northern Great Plains Resource Program, and the Badlands Planning Unit,
have all projected increased water usage for southwestern North Dakota.
These increased needs are based on proposed gasification plants,
electrical power generating plants, and irrigation needs for revegetation
projects, along with increasing agricultural needs.
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The two most critical uses for water in coal gasification are as
a source of hydrogen in the gasification reaction and for process steam
(Northern Great Plains Resource Program, Draft Report, 1974),

The

amounts of water required by a plant that produces 250 million standard
cubic feet per day ranges from 8,000 to 12,000 acre-feet per year
(Washburn, 1972),

A coal-fired power plant will consume 12,000 to

15,000 acre-feet per 1,000 megawatts produced (Northern Great Plains
Resource Program, Draft Report, 1974).

Presently there is one gasifica

tion plant proposed for Bowman County.

It would be built by the El Paso

Natural Gas Company and would produce 250 million cubic feet of gas per
day (Dalsted and Leistritz, 1974).
Water resources in Bowman Countv are at present adequate but not
v . ♦* - if" 4 ••‘ -err

abundant.
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As wa3 earlier stated, the county has two major waterways:

the Little Missouri River and the North Fork of the Grand River.

These

rivers fluctuate greatly with the spring runoff and the seasonal dis
tribution of rainfall.
Data are not available for annual stream flow of the Little
Missouri River through Bowman County.

Information is available, however,

for Watford City, in McKenzie County, North Dakota.

The Little Missouri

at Watford City has an average of 35 days per year when the flow of the
river is less than C .1. cubic foot per day (Northern Great Plains Resource
Program, Draft Report, 1974).

This erratic stream flow would be even

more prevalent in Bowman County due to a more narrow stream channel and
smaller watershed.
As of December 1, 1973, the State Water Commission had issued
water permits of 14,810.9 acre-feet for the Little Missouri River and
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9,283.1 acre-feat for the Grand-River (Stewart and Stewart, 1973).
meet these requirements, water impoundments must be constructed.

To
The

Bowraan-Haley Reservior, with a capacity of 26,000 acre-feet, can meet
the water requirements of the Grand River (U.S. Geological Survey and
U.S. Bureau of Reclamation, 1973).
cannot meet such requirements.

The Little Missouri at present

There is a proposed construction of a

reservior south of Marmarth in Bowman County on the main stem of the
Little Missouri River.

If constructed, the reservior would flood 8,000

acres (Stewart and Stewart, 1973).

This would not only disrupt thousands

of acres of River Bottom, Toe Slope, Terrace, and Upland Breaks Ecosystems
it would also totally destroy the only existing acreage of Ponderosa Pine
ecosystem in the county.
Accompanying the construction of water impoundments would be canals
and pipelines to transpo.t the needed water to plant facilities.

Service

roads would also have to be constructed to maintain the water transport
network (department o£ Agriculture, Forest Service, 1973).
turn would disrupt the ecosystems they pass through.

These in

The extent of

their potential damage is not known.

Oil Development and Exploration
Bowman County has primary reserves of crude oil amounting to
48,173,500 barrels and secondary reserves of 6,178,000 barrels for a
total recoverable reserve of 54,351,500 barrels (Folsom, 1972).

There

are numerous oil developments throughout the county.
River Bottom and Upland Breaks Ecosystems are subject to natural
disasters such as flash flooding, mass failure, and eroslona1 problems
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w h Jch make oil development in those areas particularly dangerous
(Department of Agriculture, Forest Service, 1973).
>ccur in conjunction with oil development,

If spills or leakage

these ecosystems and those

rearby would be subject to harmful pollution.
There is a secondary impact of oil development projects.

The more

wells allowed in an area the more service facilities such as roads,
poverlines, and pipelines will be needed, thus destroying more of the
nat .ral systems.
Exploration for new oil and gas fields will also cause disruption
of ecosystems.

Trails will be cut through ecosystems allowing increased

water and wind erosion.

Seismic activity could cause serious damage to

Uplatd Breaks Ecosystems by potential mass failure.

It may also alter

grou id water resources.

Incr iasing Agricultural Pressures
The study area is heavily dependent on agriculture.

As farm

numb srs decrease, size of farms increases and more land is placed into
agricultural production (North Dakota Crop and Livestock Reporting
Service, 1973).

Table 3 indicates this increase over a ten-year period

fro i 1963 to 1973.

Cropland Is defined as land put into production of

all wheat, corn, durum, barley, oats, rye, flax, all hay, and summer
fa low.

Non-cropland refers to all remaining land.

The net change from non-cropland to cropland during the period of
1' 63 to 1973 was 28,100 acres.

However, the pressures put on ecosystems

fre not necessarily from the take- tr of land but from agricultural
practices employed by the farmer.

These include increased summer fallow

ing which induces water and wind erosion and increasing stream pollution.
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The increased use of fertilizers and pesticides for improving c rop
yield is also a factor.

The accumulation of these substances can lead

to complex changes in the structure and function of natural ecosystems.
The pattern of change includes simplification of structure in both plant
and animal communities, shifts in ratio of gross production of total
respiration, and loss of part or all of the inventory of nutrients
(Woodwell, 1970)

TABLE 3
i
ACREAGE FOR BOWMAN COUNTY
963-1973
tf *. TV# ..

CROPLAND AND
=====
Year

-.6..

•

-

1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973

Source:

. ,,•
Afci.:............. ...

i; -i
.>

%

%:

bk

i

t

'■$

356,200
377,300
371,800
368,300
383,200
391,300
402 , 100
404,400
4 0 0 , 500
382,500
384,300

==============

Non-Cropland

Cropland

T

f

: ifr; .

'

\ r
£,

.

,

392,600
371,500
377,000
380,500
365,600
357,500
346,700
344,400
348,300
366,300
364,500

1.4 ,‘ C* *f

North Dakota Crop and Livestock Reporting Service, North
Dakota Crop a n d Livestock Statistics. Fargo: Department of
Agricultural Economics, North Dakota State University, 1973.
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Weather Modification
Weather modification activities in Bowman County are designed to
suppress hail and to induce precipitation.

The effects these actions

may have: on the total environment are not known.
left to speculation.

Their impacts are

For example, increased precipitation could increase

vegetation to a point where the Badlands would be covered with vegetation.
This cover would eventually cause the Badlands Ecosystem to vanish
(Department of Agriculture, Forest Service, 1973).

The increased

vegetation would hold soil and cut down on wind and water erosion.
Eowman, the county seat of Bowman County, is the base for WeatherModification, Inc. This company has 24 aircraft and six radar instal'lai, ■ ■■- ■
’l;'v
.• - ■ "
Vf«
tions- to detect and monitor weather conditions, Wilbur Brewer, President
of Weather-Modification, Inc., states "Weather modification programs can
•• : -•'
'
f . vp.;^ odd 20 percent to rainfall averages over a 10 year period" (Brewer, 1975).
Brewer added, ’'Weather operations might have influenced rainfall by up
to two and one half inches lasc yfeaif,-v a 1 though it is difficult to
..•
:
.
•*•••
fj %
. ■;
% ■ r/

/ j
.L’
r

measure how much added precipitation is brought about by cloud-seeding
(Brewer, 1975).£
As of July 1/ 19 75, Norch Dakota enacted a law authorizing weather
modification programming on a state-wide level.

The legislature divided

the state into seven districts and created a board to set regulations
covering weather programs (Vavra, 1975).

The program is in its initial

stages and regulations of the board are not known at this time.
It is not known to what extent weather modification will influence
climate and to what degree this influence will change the ecosystems.
The status of weather modification as an agent of change is summed up
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by the findings of Che National Academy of Sciences:

"There is

increasing but still somewhat ambiguous statistical evidence that
precipitation from some types of cloud and storm systems can be modestly
increased or redistributed by seeding techniques" (National Academy of
Science, 1973, p. 3).

CHAPTER VI

SUMMARY AND CONCLUSION

Ecosystems are a valuable tool to the geographer. They allow for
,» ' ■ft. .
* ■■■
l
'
a convenient unit of spatihl order in nature. The ecosystem, as used
in this study, is of a size that permits investigation and description
1 ’| "■ I '. % .to
I .. .
>
at a working level to the geographer.
■'*h.,
■. '•f i
% t'-f’'■
•<
.
A £ i; «
f
There are eight terrestrial ecosystems within Bowman County.

They

are the River Bottom, Terrace, Toe Slope, Rolling Grassland, Upland
M.
m

.
V, v
S:;.. •;
They were classified as to soil type, vegetative cover, degree of slope,
e>
*i yi <i
i1
...
.
1
s
t
and general topography.
This study has shown two additional ecosystems that were previously
not found in studies done of Bowman Gounty.
and Ponderosa Pine Ecosystems.

They are the Hardwood Draw

In relation to the other ecosystems,

they are of small acreage but are nevertheless important in the total
outlook.
The Rolling Grassland Ecosystem occupies the largest acreage in
the study area, covering 59,4 percent of Bowman County.
Pine Ecosystem is the smallest, with 103 acres.

The Ponderosa

Thit, unit is the most

susceptible to destruction due to its small area.
Some of man's alterations of the physical environment are dramatic
in impact, whereas other effects are more subtle and difficult to
observe.

The activities of man throughout Bowman County, such as coal
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and oil development, increasing needs for water resources, Increasing
agricultural pressures, and weather modification are acting to alter
ecosystems.
known.

Their total impact on the ecosystem is not completely

The more stress man puts on the environment, the more he

insures the inevitability of change.
The changes being wrought in ecosystems today are the subject of
intense and proper concern.

The basis for this concern, however, is

not that change per se Jis either good or bad, but rather that an alter
ation of one aspect of the environment may have profound repercussions
throughout the ecosystems (Clapham, 1973).
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APPENDIX
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APPENDIX A

ECOSYSTEM SOIL CHARACTERISTIC DEFINITIONS
Water Erosion Hazard:
Very High
High
Moderate
Low

- 1600-4600
- 1100-1500
80-1000
- less than

I
tons of soil removed per
tons
of soil removed per
tons of soil removed per
70 tons of soil removed

Wind Erosion Hazard (Relative only):
High
Medium
Low
Slope:
0
3
15
40

-

L
’

„

s V

*' ‘
y.•
;
>
i - .■,?■' ’
3%
Gentle or nearly level -.'•<? .
157,
Gently sloping or sloping
407
Hilly and steep
707, Very steep
707,+ Very steep or generally precipitous

Permeability:
Rapid
Moderate
Slow

(Movement of water in soil)
6+ inches per hour
^-6 inches per hour
less than \ inch per hour

Runoff (Relative only) :
High
Medium
Low
Water Storage Capacity (Relative only):
High
Medium
Low
Depth to Water Table:
Shallow
Medium
Deep

0 - 4 feet
4 -15 feet
15+ feet

52

square mile
square mile
square mile
per square mile
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Flood Hazard (Relative only):
High
Medium
Low
Very low
Forage Productivity:
High
Medium
Low
Very Low

- 1250-1650 pounds per acre
- 750-1200 pounds per acre
- 500- 750 pounds per acre
- less than 450 pounds per acre
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